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A late Wisconsin (32-10k cal a BP) history of pluvials, droughts, and vegetation in the 
Pacific southwest United States (Lake Elsinore, CA). 
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LQWHQVLW\RISUHFLSLWDWLRQFRXOGLQFUHDVHDVZHOOH[DFHUEDWLQJULVNDVVRFLDWHGZLWKIORRGVDQG
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%HUJDQG+DOO<RRQHWDO6KLHOGVDQG.LHKO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3UHSDULQJIRUWKHVHVFHQDULRVDQGPLWLJDWLQJWKHLULPSDFWLVNH\WRPDLQWDLQLQJWKHUHJLRQ¶V
SRSXODWLRQDQGLWVVRFLRHFRQRPLFYLWDOLW\.H\WRSUHSDUDWLRQDQGPLWLJDWLRQLVDSDOHR
SHUVSHFWLYH3DOHRSHUVSHFWLYHVLQIRUPRQWKHUDQJHRIFOLPDWLFSRVVLELOLWLHVVXFKDVGURXJKWDQG
IORRGV,QFOXGHGLQWKLVSDOHRSHUVSHFWLYHLVWKHUROHWKDWFKDQJHVLQFOLPDWHSOD\RQYHJHWDWLYH
VWUXFWXUH,QWKHSVZ86QDWLYHYHJHWDWLRQLVKLJKO\VWUHVVHGUHVXOWLQJLQLWVLQFOXVLRQDVRQHRI
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 3 
FRPSDULVRQV:HEHJLQWKLVSDSHUZLWKDEULHIUHYLHZRI.LUE\HWDODQG+HXVVHUHWDO


.LUE\HWDOGRFXPHQWWKHODWHJODFLDOWR+RORFHQHWUDQVLWLRQNFDOD%3XVLQJD
FRPELQDWLRQRIVHGLPHQWJUDLQVL]HWRLQIHUUXQRIIDQG&QDONDQRLFDFLGVIURPSODQWOHDIZD[HV
'ZD[WRLQIHUPRLVWXUHVRXUFH,QJHQHUDOUXQRIIGHFUHDVHVIURPNFDOD%3ZLWKQRWDEOH
VKLIWVWROHVVUXQRIIDWWKHVWDUWRIWKH%ROOLQJ$OOHURG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NFDOD%3DQGWKHQDJDLQDW
WKHVWDUWRIWKH<RXQJHU'U\DV<'NFDOD%3$FRPSDULVRQWRNQRZQIRUFLQJVVXFKDV
WKH$WODQWLF0HULGLRQDO2YHUWXUQLQJ&LUFXODWLRQ$02&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NFDOD%3PLUURUERWKORVVRILFHVKHHWYROXPHDQGDQLQFUHDVHLQ&2UDGLDWLYHIRUFLQJ
7RJHWKHUWKHVHFKDQJHVPD\KDYHJUDGXDOO\VKLIWHGWKHPHDQZLQWHUVWRUPWUDFNQRUWKIURP
NFDOD%3$OWHUQDWLYHO\WKHVWRUPWUDFNPD\KDYHH[SHULHQFHGYHU\OLWWOHODWLWXGLQDOFKDQJHV
LQVWHDGUHIOHFWLQJDFKDQJHLQWKHIUHTXHQF\DQGRULQWHQVLW\RIVRXWKZDUGWUDFNLQJVWRUPVDV
FOLPDWHWUDQVLWLRQHGIURPDJODFLDOVWDWHWRD+RORFHQHVWDWH$QWHYV:HOOVHWDO
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/RUDHWDO7KH'ZD[PLUURUWKLVJUDGXDOGHFUHDVHLQZHWQHVVVXJJHVWLQJDFKDQJH
LQGRPLQDQWPRLVWXUHVRXUFHVIURPKLJKHUODWLWXGHVRXUFHGRUFROGHUVWRUPVWRORZHUODWLWXGH
VRXUFHGRUZDUPHUVWRUPVZLQWHUVWRUPVEHWZHHQNFDOD%37KH'ZD[GRQRWLQGLFDWHD
WURSLFDORUVXEWURSLFDOPRLVWXUHVRXUFHGXULQJWKHODWHJODFLDODVSURSRVHGE\/\OHHWDO
6XSHULPSRVHGRQWKLVJUDGXDOGU\LQJWUHQGDUHVKLIWVLQZHWQHVVDWDQGNFDOD%3
7KHVHVKLIWVDUHSURSRVHGWREHFRHYDOWRVKLIWVLQ$02&VWUHQJWK&RQVHTXHQWO\WKHSVZ86
ODWHJODFLDOWR+RORFHQHWUDQVLWLRQLVOLNHO\IRUFHGE\DFRPELQDWLRQRIH[WHUQDOGULYHUVDVVRFLDWHG
ZLWKLFHVKHHWG\QDPLFVDQGUDGLDWLYHIRUFLQJDVZHOODVRFHDQLFIRUFLQJDVVRFLDWHGZLWK
FRQGLWLRQVLQWKH1RUWK$WODQWLF

+HXVVHUHWDOH[DPLQHWKHSROOHQGDWDEHWZHHQNFDOD%35HVXOWVVKRZD
JHQHUDOO\PRUHPHVLFYHJHWDWLRQWKDQWRGD\GXULQJWKHODVWJODFLDO(YLGHQFHIRUVKLIWVLQ
YHJHWDWLRQSDUWLFXODUO\EHWZHHQNFDOD%3NFDOD%3DVSHUXSGDWHGDJH
PRGHO±WKLVSDSHUVXJJHVWDVLJQLILFDQWYHJHWDWLYHUHVSRQVH7KHODWWHU\HDULQWHUYDOLV
LQWHUSUHWHGDVDUHWXUQWRPRUH[HULFYHJHWDWLRQUHIOHFWLQJDPRUHDULGFOLPDWH$FRPSDULVRQWR
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SROOHQIURP6DQWD%DUEDUD%DVLQVKRZJHQHUDOO\VLPLODUPLOOHQQLDOVFDOHIHDWXUHVDV/DNH
(OVLQRUH+HXVVHU+HXVVHUDQG6LURFNR+RZHYHUDV+HXVVHUHWDOQRWHV
WKH\UJODFLDOPHJDGURXJKWLVPLVVLQJIURPWKH6DQWD%DUEDUD%DVLQSROOHQUHFRUG
VXJJHVWLQJWKDWWKHWHUUHVWULDO/DNH(OVLQRUHSROOHQVLWHPD\FDSWXUHFKDQJHVDEVHQWLQLWVPDULQH
FRXQWHUSDUW+HXVVHU+HXVVHUDQG6LURFNR


Study Site 
 
0RGHUQFOLPDWHVHWWLQJ

7KHFOLPDWHRIWKHSVZ86LV0HGLWHUUDQHDQFKDUDFWHUL]HGE\ZHWFRROZLQWHUVDQGKRWGU\
VXPPHUV,QJHQHUDOWKHFRDVWDOSODLQDQGORZO\LQJLQODQGUHJLRQVUHFHLYHOHVVSUHFLSLWDWLRQ
WKDQWKHDGMDFHQWPRXQWDLQUDQJHV0DVL,QSDUWLFXODUWURSLFDO(O1LxR6RXWKHUQ
2VFLOODWLRQ(162DQGH[WUDWURSLFDO3DFLILF'HFDGDO2VFLOODWLRQ3'23DFLILF2FHDQ
DWPRVSKHUHFRQGLWLRQVLQIOXHQFHWKHFOLPDWHRIWKHSVZ86&D\DQDQG3HWHUVRQ&D\DQHW
DO%ULWR&DVWLOORHWDO+DQVRQHWDO3DFLILF2FHDQDWPRVSKHUHFRQGLWLRQV
PRGXODWHWKHPHDQZLQWHUSRVLWLRQRIWKHHDVWHUQ3DFLILFVXEWURSLFDOKLJK&D\DQDQG3HWHUVRQ
+DQVRQHWDO:KHQWKHMHWVWUHDPLVVRXWKLWUHVXOWVLQKLJKHUWKDQDYHUDJH
SUHFLSLWDWLRQDQGDVVRFLDWHGULYHUGLVFKDUJHZKLOHDPRUHQRUWKHUO\SRVLWLRQRIWKHMHWVWHDP
UHVXOWVLQORZHUWKDQDYHUDJHSUHFLSLWDWLRQDQGOHVVULYHUGLVFKDUJH&D\DQHWDO+DQVRQHW
DO0RVWLPSRUWDQWO\IRURXUSDOHRVWXGLHVLVWKDWWKHSVZ86LVDUHODWLYHO\VLPSOH
XQLPRGDOSUHFLSLWDWLRQUHJLPHDVFRPSDUHGWRLWVLQWHULRUVRXWKZHVW86FRXQWHUSDUWV.LUE\HW
DO&RQVHTXHQWO\WKHK\GURFOLPDWLFSDOHRLQWHUSUHWDWLRQLVVWUDLJKWIRUZDUG±LQGLFDWRUVRI
ZHWFOLPDWHVDUHFDXVHGE\ZHWWHUZLQWHUVDQGYLFHYHUVDIRUGU\FOLPDWHLQGLFDWRUV)LQDOO\LWLV
ZHOOGRFXPHQWHGWKDWFKDQJHVLQSUHFLSLWDWLRQLQWKHSVZ86DUHSRVLWLYHO\FRUUHODWHGWRERWK
FKDQJHVLQUHJLRQDOODNHOHYHODQGFKDQJHVLQWKHIOX[DQGVL]HRIVHGLPHQWLQUHJLRQDOULYHUV
LOOXVWUDWLQJWKHPRGHUQOLQNEHWZHHQFOLPDWHDQGVHGLPHQWDWLRQLQWKHVWXG\UHJLRQ,QPDQDQG
-HQNLQV:DUULFNHWDO5RPDQVHWDO&RYDXOWHWDO;XHW
DO.LUE\HWDO*UD\HWDO+LQHUHWDO

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7HFWRQLFVHWWLQJ

/DNH(OVLQRUHLVDSXOODSDUWEDVLQDORQJWKH(OVLQRUH)DXOW]RQHIRUPHGE\IDXOWVWHSRYHU
PRYHPHQWDORQJWKHVWULNHVOLS:LOGRPDU)DXOWWRWKH*OHQ,Y\1RUWK)DXOW0DQQ+XOO
)LJXUH*UDYLPHWULFVWXGLHVUHYHDODQDSSUR[LPDWHO\PWKLFNVHGLPHQWSDFNDJH
ZLWKLQWKHEDVLQ+XOO7KHEDVHPHQWURFNVDUHJUDQLWLFDQGGDWHWRWKHODWH&UHWDFHRXV
.UXPPHQDFKHUHWDO6LOYHUHWDO

$W/DNH(OVLQRUHIDXOWGLSLVQHDUYHUWLFDODQGVHLVPLFDFWLYLW\LVORZ.UXPPHQDFKHUHWDO
2QO\WZRPRGHUDWHHDUWKTXDNHVKDYHEHHQUHFRUGHGLQWKHQRUWKHUQ(OVLQRUHIDXOW]RQH
RYHUWKHSDVW\HDUV07RSSR]DGDHWDO$ORQJWKHVRXWKHUQVHFWLRQRIWKH
(OVLQRUHIDXOW]RQHDSSUR[LPDWHO\NPWRWKH6(RI/DNH(OVLQRUHDPLQLPXPRIIRXU
HDUWKTXDNHV0KDYHJHQHUDWHGVXUIDFHUXSWXUHRYHUWKHODVW\HDUV9DXJKDQHWDO
$YDLODEOHGDWDRQIDXOWVOLSUDWHVVXJJHVWWKDWWKHKRUL]RQWDOWRYHUWLFDOVOLSUDWLRLVLQ
H[FHVVRI+XOODQG1LFKROVRQ+RUL]RQWDOVHSDUDWLRQLVHVWLPDWHGDWWRNP
RYHUWKHSDVWa0DEDVHGRQRIIVHWIHDWXUHVREVHUYHGLQEHGURFNPRVWQRWDEO\FKDQJHVLQ
IROLDWLRQGLSRQO\PLQLPDOYHUWLFDORIIVHWKDVEHHQLGHQWLILHG:HEHU0RUWRQDQG0LOOHU


)URPWKLVWHFWRQLFLQWHUSUHWDWLRQLWLVFRQFOXGHGWKDWK\GURORJLFDOO\SURGXFHGYHUWLFDOFKDQJHV
LQWKHODNH¶VEDVHOHYHOJUHDWO\H[FHHGHDUWKTXDNHJHQHUDWHGYHUWLFDOFKDQJHV8QGHUPRGHUQ
FRQGLWLRQVWKHVHK\GURORJLFDOO\SURGXFHGFKDQJHVFDQH[FHHGP.LUE\HWDO,QRWKHU
ZRUGVFRPSOHWHGHVLFFDWLRQRIPRGHUQ/DNH(OVLQRUHUHVXOWVIURPDPGURSLQEDVHOHYHO
.LUE\HWDO9HUWLFDOFKDQJHVGXHWRIDXOWUXSWXUHDUHVPDOOͲPEDVHGRQSDOHR
VHLVPLFGDWD9DXJKDQHWDO7KLVH[WUHPHGLVSDULW\EHWZHHQK\GURORJLFDQGWHFWRQLF
IRUFHGEDVHOHYHOFKDQJHVXJJHVWVWKDWYHUWLFDOPRWLRQUHODWHGWRWHFWRQLFVLVQRWWKHSULPDU\
GHWHUPLQHURIWKHODNH¶VFKDQJLQJVHGLPHQWDWLRQDQGVWUDWDOJHRPHWULHVHVSHFLDOO\RYHUWKH
JHRORJLFDOO\VKRUWSHULRGVRIWLPHDQDO\]HGLQWKLVSDSHU2IFRXUVHRQORQJHUWLPHVFDOHVWKH
EDVLQ¶VUDWHRIIDXOWUHODWHGYHUWLFDOVXEVLGHQFHPXVWH[FHHGDYHUDJHVHGLPHQWDWLRQUDWHVLQRUGHU
IRUWKHEDVLQWRH[LVWDVGHSRVLWLRQDOIHDWXUH$VDWHVWRIWKLVVWDWHPHQWZHFROOHFWHGVHLVPLF
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UHIOHFWLRQGDWDWRH[DPLQHWKHEDVLQ¶VORQJWHUPVHGLPHQWDWLRQDQGVWUDWDOJHRPHWULHVZLWKWKH
SXUSRVHWRLGHQWLI\SRWHQWLDOEDVLQIDXOWLQJDQGLWVLQIOXHQFHRQVHGLPHQWDWLRQVHH'LVFXVVLRQ

/LPQRORJ\

/DNH(OVLQRUHLVDVKDOORZSRO\PLFWLFODNH$QGHUVRQ7KHK\SROLPQLRQH[SHULHQFHV
VKRUWSHULRGVRIDQR[LDEXWZLQGPL[LQJRIHSLOLPQLFR[\JHQULFKZDWHUVLQWRWKHK\SROLPQLRQ
LQKLELWVSURORQJHGDQR[LDXQGHUPRGHUQFRQGLWLRQV$QGHUVRQ7KHRFFXUUHQFHRI
ODPLQDHGXULQJSDUWVRIWKHJODFLDOVXJJHVWDGHHSHUODNHSHUKDSVDQR[LFDWWLPHV.LUE\HWDO
7KHODNH¶VZDWHUEXGJHWLVFRQWUROOHGE\DFRPELQDWLRQRIRXWSXWVVXFKDVHYDSRUDWLRQ
!P\U$QGHUVRQDQGRFFDVLRQDORYHUIORZ,QSXWVLQFOXGHGLUHFWUXQRIIIURPLWV
PDLQLQIOXHQWWKH6DQ-DFLQWR5LYHUDVZHOODVUXQRIIIURPWKHDGMDFHQW(OVLQRUH0RXQWDLQV7KH
UROHJURXQGZDWHUSOD\VLQWKHODNH¶VK\GURORJLFEXGJHWLVOHVVZHOONQRZQ'DPLDWDDQG/HH
7KLURV7KHPDLQRXWOHWLVORFDWHGDORQJWKHQRUWKVLGHRIWKHODNH7ZHQW\EULHI
RYHUIORZHYHQWVLQWRQRUWKZHVWIORZLQJ:DONHU&DQ\RQKDYHRFFXUUHGVLQFH$'LQFOXGLQJ
WKUHHWLPHVLQWKHWKFHQWXU\/\QFK&RQVHTXHQWO\WKHODNHLVVRPHWLPHVDWHUPLQDO
EDVLQFORVHGDQGDWRWKHUWLPHVDWKURXJKIORZEDVLQRSHQ0RGHUQPD[LPXPODNHOHYHOGHSWK
LVaPEHIRUHRYHUIORZRFFXUVEDVHGRQWKHPRGHUQVLOOHOHYDWLRQ$QGHUVRQ,WLV
XQNQRZQKRZWKHVSLOOHOHYDWLRQKDVFKDQJHGWKURXJKJHRORJLFWLPH+LVWRULFDOO\WKHODNHKDV
GHVLFFDWHGRQVHYHUDORFFDVLRQVVLQFH$'PRVWUHFHQWO\LQWKH¶V/\QFK
'XULQJWKH¶VGU\LQJHSLVRGHWKHODNH¶VFHQWUDOEDVLQUHPDLQHGDZHWPXGG\HQYLURQPHQW
+XGVRQ7KH¶VGU\LQJHYHQWLVUHFRJQL]HGLQVHGLPHQWFRUHVDVDORZZDWHUFRQWHQW
VWLIIFUXPEO\FOD\H\VLOWXQLWZLWKORZVDQGFRQWHQW.LUE\HWDO


Methods 

$JHFRQWURO

7ZHQW\HLJKW$06UDGLRFDUERQDJHVRQGLVFUHWHRUJDQLFVHJZRRGFKDUFRDOEXON&RUJ
JDVWURSRGVKHOOVRUSDLUHGGLVFUHWHEXON&RUJPDWHULDOVZHUHPHDVXUHGDWWKH8QLYHUVLW\RI
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&DOLIRUQLD,UYLQH:0.HFN&DUERQ&\FOH$FFHOHUDWRU0DVV6SHFWURPHWU\/DERUDWRU\RUWKH
/DZUHQFH/LYHUPRUH1DWLRQDO/DERUDWRU\7DEOH'LVFUHWHDQGEXON&RUJVDPSOHVZHUH
SUHSSHGXVLQJDVWDQGDUGDFLGEDVHDFLGSUHWUHDWPHQW7KHJDVWURSRGVKHOOVZHUHOHDFKHGRI
RIWKHLUPDVVXVLQJ+&OWRUHPRYHVHFRQGDU\FDUERQDWH7ZR,QIUD5HG6WLPXODWHG
/XPLQHVFHQFH,56/GDWHVIURPVLQJOHJUDLQV±ȝPRI.IHOGVSDUZHUHREWDLQHGIURP
WZRVLOW\VDQGXQLWV±FPDQG±FPDWWKH8QLYHUVLW\RI&DOLIRUQLD/RV
$QJHOHVIROORZLQJVWDQGDUGODESURWRFRO5KRGHV$QDJHPRGHOZDVFUHDWHGXVLQJ
UDGLRFDUERQDJHVHQWHUHGLQWRWKH%DFRQY,QW&DODJHPRGHOOLQJVRIWZDUH%ODDXZDQG
&KULVWHQ7DEOH7KH,56/DJHVDUHQRWLQFOXGHGLQWKHDJHPRGHOFDOFXODWLRQ
 
6HGLPHQWDQGSROOHQDQDO\VHV

&RUH/('&ZDVH[WUDFWHGIURPPZDWHUGHSWKRYHUWKUHHGD\VLQ-XQHXVLQJD
KROORZVWHPPHGDXJHUSXVKFRUHV\VWHPZLWKDOLQHGKROHDERDUGDVWDELOL]HGFRULQJEDUJH
)LJXUH(DFKGULYHZDVPDQGUHFRYHU\ZDVEHWWHUWKDQIRUWKHWRWDOFRUHOHQJWK
&RUHDFTXLVLWLRQVWDUWHGDWPEHORZWKHVHGLPHQWZDWHULQWHUIDFHDQGHQGHGDWP7KHFRUHV
ZHUHFDSSHGODEHOHGDQGWUDQVSRUWHGEDFNWRWKH&DO6WDWH)XOOHUWRQ/DEZKHUHWKH\ZHRSHQHG
GHVFULEHGDQGGLJLWDOO\SKRWRJUDSKHGJUDPVRIZHWVHGLPHQWZDVH[WUDFWHGDWFP
FRQWLJXRXVLQWHUYDOVIRUPDJQHWLFVXVFHSWLELOLW\PHDVXUHPHQWVSHUFHQWWRWDORUJDQLFPDWWHU/2,
q&DQGSHUFHQWWRWDOFDUERQDWH/2,q&6DPSOHVIRUJUDLQVL]HDQDO\VLVZHUH
H[WUDFWHGHYHU\RWKHUFPIRUGHWHUPLQDWLRQXVLQJD0DOYHUQODVHUGLIIUDFWLRQJUDLQVL]HDQDO\]HU
(DFKJUDLQVL]HVDPSOHZDVSUHWUHDWHGXVLQJP/+2WRUHPRYHRUJDQLFPDWWHUP/
1+&OIRUFDUERQDWHUHPRYDODQGP/11D2+IRUELRJHQLFVLOLFDUHPRYDO&RPSOHWH
PHDVXUHPHQWGHWDLOVIRUDOOVHGLPHQWDQDO\VHVDUHSURYLGHGLQ.LUE\HWDO7KHVDPHVHW
RIJUDLQVL]HPHWKRGVZHUHGHWHUPLQHGIRUWKHVXUIDFHVHGLPHQWVDPSOHVFROOHFWHGE\$QGHUVRQ
3ROOHQPHWKRGVUHVXOWVDQGVWDWLVWLFDODQDO\VHVDUHGHVFULEHGLQ+HXVVHUHWDO

7RGHWHUPLQHVWDWLVWLFDOO\VLJQLILFDQWEUHDNSRLQWVLQWKHSHUFHQWWRWDOVDQGGDWDZHXVHD
VHTXHQWLDOUHJLPHVKLIWGHWHFWLRQSURJUDP656'Y
KWWSVVLWHVJRRJOHFRPVLWHFOLPDWHORJLFE\5RGLRQRY±WKHVDPHDVWKDWXVHGE\
.LUE\HWDOIRU=DFD/DNH7KHGDWDZHUHVHSDUDWHO\DQDO\]HGSUHDQGSRVWN
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FDOD%3WRDYRLGWKHH[FHSWLRQDOO\KLJKVDQGFRQWHQWXQLW7DUJHWHGVLJQLILFDQFHOHYHOZDVS
ZLWKDFXWRIIGDWDSRLQWOHQJWKRIDQGD+XEHU¶VWXQLQJFRQVWDQWRI5HGQRLVH
HVWLPDWLRQZDVQRWLQFOXGHG5RGLRQRY7KHSXUSRVHRIWKLVDQDO\VLVLVWRSURYLGHD
VWDWLVWLFDOQRQVXEMHFWLYHEDVLVIRUVXEGLYLGLQJWKHVDQGGDWDLQWRVWDWLVWLFDOO\VLJQLILFDQW
LQWHUYDOV7KLVPHWKRGUHPRYHVWKHVXEMHFWLYLW\RIWHQDVVRFLDWHGZLWKYLVXDOO\DVVLJQHGEUHDN
SRLQWVLQRWKHUZLVHFRPSOH[YDULDEOHWLPHVHULHVGDWD%HFDXVHWKHJUDLQVL]HGDWDZHUHVDPSOHG
DWDKLJKHUUHVROXWLRQWKDQWKHSROOHQGDWDZHXVHWKH656'LQWHUYDOVUDWKHUWKDQWKHSROOHQ
]RQHVIURP+HXVVHUHWDODVWKHIRFXVRIRXUGLVFXVVLRQVHFWLRQ

0RGHUQODNHERWWRPVXUIDFHVDQGYDOXHVZHUHSORWWHGYHUVXVPRGHUQZDWHUGHSWKFD$'
DQGDQDO\]HGXVLQJQRQOLQHDUUHJUHVVLRQZLWKERRWVWUDSFRQILGHQFHLQWHUYDOV)ROORZLQJOHDVW
VTXDUHVDSSURDFKWKHSDUDPHWULFFXUYHܦ݁݌ݐ݄ ൌ ܾ଴ ൅ ܾଵሺ݌݁ݎܿ݁݊ݐݐ݋ݐ݈ܽݏܽ݊݀ሻ௕మZDVILWWHGWR
WKHGDWD7KHTXDQWLOHVRIERRWVWUDSVDPSOHVZHUHXVHGWRHVWLPDWHWKHXQFHUWDLQW\DURXQG
WKHILWWHGPRGHO*UDLQVL]HGLVWULEXWLRQVZHUHDOVRSORWWHGIRUDPRGHUQ/DNH(OVLQRUHEHDFK
VDPSOHDQGIRUDOOPRGHUQODNHERWWRPVHGLPHQWVDPSOHVEHWZHHQDQGPZDWHUGHSWK
7KHVDPHSORWVZHUHPDGHIRU656'LQWHUYDOVDQGDVZHOODV656'±WKHJODFLDOVDQG
XQLW

6HLVPLFUHIOHFWLRQGDWD

7ZHQW\KLJKUHVROXWLRQVLQJOHFKDQQHOVHLVPLFUHIOHFWLRQSURILOHVWRWDOLQJaNPLQOHQJWK
ZHUHXVHGWRLQYHVWLJDWH/DNH(OVLQRUH¶VVXEERWWRP)LJXUH6HLVPLFUHIOHFWLRQSURILOHVZHUH
FROOHFWHGXVLQJERWKDVKDOORZKLJKUHVROXWLRQV\VWHPN+]&+,53DQGDGHHSHU
SHQHWUDWLQJORZHUIUHTXHQF\VRXUFHV\VWHPN+]%RRPHUZLWKSRVLWLRQLQIRUPDWLRQSURYLGHG
E\DGLIIHUHQWLDO*36QDYLJDWLRQV\VWHP7KHN+]VHLVPLFGDWDZHUHUHFRUGHGGLJLWDOO\DWD
VDPSOLQJLQWHUYDORIPV$YHORFLW\RIPVHFZDVXVHGIRUGDWDSURFHVVLQJ6FKRO]
5DZVHLVPLFGDWDILOHVZHUHWUDQVIHUUHGLQWR3UR0D[VHLVPLFSURFHVVLQJVRIWZDUH5DZ
GDWDZHUHSURFHVVHGXVLQJIRXUVHSDUDWHILOWHUV<LOPD]$VSLNLQJSUHGLFWLYH
GHFRQYROXWLRQDQGDEDQGSDVVILOWHUZHUHXVHGWRDWWHQXDWHULQJLQJRIWKHVKDOORZZDWHUGDWDVHWV
DQGHOLPLQDWHH[WUDQHRXVFRKHUHQWQRLVH$WUDFHPL[LQJILOWHUZDVDSSOLHGWRWKHVHLVPLFGDWDWR
IXUWKHUGLPLQLVKUDQGRPQRLVHDQGHQKDQFHVLJQDOVIURPWKHVHGLPHQWDU\UHFRUG,QDGGLWLRQDQ
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DXWRPDWLFJDLQFRQWUROIXQFWLRQZKLFKFRXQWHUDFWWKHQDWXUDODWWHQXDWLRQRIWKHVHLVPLFVLJQDO
ZLWKGHSWKZDVXVHGWRHQKDQFHWKHODWHUGHHSHUVHLVPLFDUULYDOV3URFHVVHGOLQHVZHUH
WUDQVIHUUHGWR6HLVZRUNV'IRUILQDOVHLVPLFUHIOHFWLRQDQDO\VLVDQGLQWHUSUHWDWLRQ 


Results 
 
$JHFRQWURO

7KHWZHQW\HLJKWUDGLRFDUERQEDVHGDJHPRGHOLVXSGDWHGIURP.LUE\HWDODQG+HXVVHU
HWDO)LJXUH7DEOH)LJXUHEDQGFVKRZWKHGLIIHUHQFHVEHWZHHQWKHIRUPHUDJH
PRGHOXVHGE\.LUE\HWDODQG+HXVVHUHWDODQGWKDWGHWHUPLQHGIRUWKLVSDSHU
,PSRUWDQWO\WKLVXSGDWHGDJHPRGHOGRHVQRWLQYDOLGDWHLQWHUSUHWDWLRQVLQ.LUE\HWDORU
+HXVVHUHWDO)RUH[DPSOHWKHDEVROXWHDJHVRIWKHSROOHQV]RQHVGHWHUPLQHGLQWKH
+HXVVHUHWDOSDSHUPRYHXSWLPHRUGRZQWLPHUHVSHFWLYHO\KRZHYHUWKHVWDWLVWLFDO
EDVLVIRUWKHVHSROOHQ]RQHVLVWLPHLQGHSHQGHQW7KUHHEXONRUJDQLFFDUERQGDWHVXVHGLQ.LUE\
HWDODQG+HXVVHUHWDODUHQRWXVHGLQWKLVSDSHU¶VDJHPRGHOFP
FPDQGFP(LJKWQHZDJHFRQWUROSRLQWVDUHDGGHGWRWKLVSDSHU
LQFOXGLQJFPFPFPFPFP
FPDQG[FP7DEOH2YHUDOOWKHDJHPRGHOLQGLFDWHVUHODWLYHO\OLQHDU
VHGLPHQWDWLRQEHWZHHQNFDOD%3FP\HDURU\HDUVFP

6HGLPHQWRORJ\

&RUH/('&FRQVLVWVSUHGRPLQDQWO\RIFOD\H\VLOWVZLWKPLQRUVDQGFRQWULEXWLRQV
)LJXUHDQG67KHDYHUDJHWLPHVWHSEHWZHHQLQGLYLGXDOJUDLQVL]HDQDO\VHVLV\HDUV
)LJXUH62UJDQLFPDWWHUDQGFDUERQDWHPDNHXSOHVVWKDQRIWKHWRWDOVHGLPHQW
PDWHULDOLQJHQHUDO7KHVHGLPHQWLVYDULDEO\ODPLQDWHGLQSODFHVDQGRFFDVLRQDOO\PDVVLYH
)LJXUH$QRWDEOHLQFUHDVHLQRUJDQLFPDWWHURFFXUVEHWZHHQaNFDOD%3DQGWRDOHVVHU
H[WHQWEHWZHHQNFDOD%3&DUERQDWHLVYLUWXDOO\DEVHQWEHWZHHQNFDOD%3
KRZHYHULWLQFUHDVHVGUDPDWLFDOO\DWaNFDOD%3DQGLQWRWKH+RORFHQH.LUE\HWDO
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$GLVWLQFWVDQGGRPLQDWHGXQLWRFFXUVEHWZHHQNFDOD%3)LJXUHDQG6
656'DQDO\VLVGHILQHVWKLUWHHQVWDWLVWLFDOO\VLJQLILFDQWSEUHDNSRLQWVLQWKHVDQGGDWD
:HDVVLJQWKHJODFLDOVDQGOD\HULWVRZQLQWHUYDOWKXVEULQJLQJWKHWRWDOGHILQHGVDQGLQWHUYDOVWR
IRXUWHHQ)LJXUH$OORI656'VDQGLQWHUYDOVH[FHSWWKH\RXQJHVWDQGWKHROGHVW
DYHUDJHSHUFHQWWRWDOVDQGYDOXHVKLJKHUWKDQWKH+RORFHQHDYHUDJH)LJXUH0RGHUQODNH
ERWWRPVHGLPHQWVDPSOHVUHYHDODGHFUHDVHLQWRWDOVDQGZLWKLQFUHDVLQJZDWHUGHSWK)LJXUH
*UDLQVL]HSORWGLVWULEXWLRQVVKRZWKDWVLOW\FOD\GRPLQDWHVWKHPRGHUQODNHERWWRPVDPSOHV
EHWZHHQDQGPZDWHUGHSWKDVZHOODVWKH656'LQWHUYDOVDQG)LJXUH
&RQYHUVHO\WKHPRGHUQEHDFKVDPSOHDQGJODFLDOVDQGXQLW656'DUHFRDUVHUFKDUDFWHUL]HG
E\VDQGDQGVDQG\VLOWUHVSHFWLYHO\3ROOHQUHVXOWVDUHGLVFXVVHGLQGHWDLOE\+HXVVHUHWDO
7KHDYHUDJHWLPHVWHSEHWZHHQLQGLYLGXDOSROOHQDQDO\VHVLV\HDUVZLWKLQWHUYDOVRI
KLJKHUUHVROXWLRQGDWDDFURVV]RQHVRILQWHUHVW)LJXUH6

6HLVPLFUHIOHFWLRQGDWD

7ZRUHSUHVHQWDWLYHVHLVPLFUHIOHFWLRQOLQHVDFTXLUHGXVLQJWKHN+]%RRPHUV\VWHPDUHVKRZQ
RQ)LJXUH/(OLQHZDVFROOHFWHGDORQJWKHODNH¶VORQJD[LVZKLOH/(OLQHZDVFROOHFWHG
DORQJWKHVKRUWD[LV7KHWZROLQHVLQWHUVHFWYHU\QHDUWKHFRUHORFDWLRQXVHGIRUWKLVVWXG\
)LJXUH/('&,PDJHTXDOLW\GLPLQLVKHVZLWKGHSWKOLNHO\WKHUHVXOWRIJDVSURGXFHG
VLJQDODWWHQXDWLRQ1RQHWKHOHVVIDLQWVXESDUDOOHOUHIOHFWRUVDUHREVHUYHGWRDERXWPEHORZ
WKHODNHERWWRP,QJHQHUDOWKHWZROLQHVVKRZPRGHUDWHGLYHUJHQWEDVLQILOOVWUDWDOJHRPHWULHV
ZLWKSDUDOOHOWRVXESDUDOOHOUHIOHFWRUV)LJXUH


Discussion 
 
%DVLQDQDO\VLV
 
7KHVHLVPLFUHIOHFWLRQGDWDUHYHDODEDVLQILOOJHRPHWU\W\SLFDOO\DVVRFLDWHGZLWKSXOODSDUW
EDVLQVVXFKDVPRGHUDWHGLYHUJHQWILOOJHRPHWULHVFKDUDFWHULVWLFRIVHGLPHQWIRFXVLQJ)LJXUH
%ODLVDQG.DOII&VDWRHWDO(Q]HOHWDO5HIOHFWRUVDUHVWURQJHVWLQWKH
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XSSHUPRIWKHVHGLPHQWSDFNDJHFRUUHVSRQGLQJWRWKH+RORFHQH:LWKLQWKHXSSHUP
WKHUHLVVRPHHYLGHQFHIRUODWHUDOO\GLVFRQWLQXRXVUHIOHFWRUVSRVVLEO\WUXQFDWLRQDQGRIIODSSLQJ
VXJJHVWLQJSHULRGVRIODNHVXUIDFHDUHDFRQWUDFWLRQLHORZODNHOHYHO.LUE\HWDO3\NH
5HIOHFWRUVGHHSHUWKDQPJODFLDODJHDUHOHVVSURPLQHQWH[KLELWOHVVGLYHUJHQFHDQG
DUHPRUHODWHUDOO\FRQWLQXRXVLQWHUPVRIVWUDWDOWKLFNQHVV7KLVFKDQJHIURPWKH+RORFHQHWRWKH
JODFLDOOLNHO\UHIOHFWVWKHJHQHUDOO\ZHWWHUJODFLDOFOLPDWHDQGWKHVXEVHTXHQWO\ODUJHUODNHVXUIDFH
DUHDDVVRFLDWHGZLWKJUHDWHUUXQRIIVHHGLVFXVVLRQEHORZ$VDUHVXOWWKHDUHDRIVHGLPHQWDWLRQ
H[SDQGHGZLWKLQWKHJODFLDOEDVLQFUHDWLQJDPRUHXQLIRUPO\WKLFNVHGLPHQWSDFNDJHZLWKOLWWOH
H[SUHVVLRQRIWDSHULQJVKRUHZDUG$WWKHWLPHRIGDWDDFTXLVLWLRQWKHODNH¶VVXUIDFHHOHYDWLRQ
ZDVXQXVXDOO\ORZFRQVHTXHQWO\ZHZHUHXQDEOHWRFROOHFWGDWDDWWKHIDUHGJHVRIWKHEDVLQ
ZKHUHODWHUDOGLVSODFHPHQWDVVRFLDWHGZLWKWKH:LOGRPDURU*OHQ,Y\IDXOWVLVDQWLFLSDWHG)LJXUH
,PSRUWDQWO\WKHUHLVQRHYLGHQFHRIFHQWUDOEDVLQIDXOWLQJODUJHVFDOHHURVLRQDOWUXQFDWLRQRU
SURJUDGLQJFOLQRIRUPVGHOWDLFPLJUDWLRQ7KHDEVHQFHRIWKHVHIHDWXUHVVXJJHVWVWKDWWKH
VHGLPHQWFRUHFRQWDLQVDUHODWLYHO\FRQWLQXRXVVHGLPHQWKLVWRU\
 
$ODWH:LVFRQVLQNFDOD%3KLVWRU\RISOXYLDOVGURXJKWVDQGYHJHWDWLRQ
ZLWKVRPHWKRXJKWVRQIRUFLQJV

3UR[\,QWHUSUHWDWLRQV

6DQGDVDK\GURORJLFLQGLFDWRU

,Q0HGLWHUUDQHDQFOLPDWHVVXFKDVSVZ86WKHPRELOL]DWLRQDQGWUDQVSRUWRIVHGLPHQW
SDUWLFXODUO\FRDUVHVHGLPHQWLHVDQGVL]HLVVWURQJO\OLQNHGWRSUHFLSLWDWLRQUHODWHGUXQRII
,QPDQDQG-HQNLQV)DUQVZRUWKDQG0LOOLPDQ:DUULFNDQG0HUWHV&RYDXOW
HWDO;XHWDO:DUULFNDQG%DUQDUG*UD\HWDO:DUULFNHWDO
5HVHDUFKRQWKHULYHUVRIWKHSVZ86FRQILUPVWKLVVWURQJFRQQHFWLRQWRFOLPDWHDWERWK
LQWHUDQQXDODQGPXOWLGHFDGDOWLPHVFDOHV6FDOLQJXSLWLVUHDVRQDEOHWRFRQFOXGHWKDW
K\GURFOLPDWLFSURFHVVHVFRQWUROWKHVHGLPHQWPRELOL]DWLRQVLJQDODWFHQWHQQLDOWRPLOOHQQLDO
WLPHVFDOHVIRUWKHVWXG\UHJLRQDVZHOO5RPDQVHWDO&RYDXOWHWDO7KLV
VHGLPHQWFOLPDWHFRQQHFWLRQLVPDQLIHVWWKURXJKLQFUHDVHVLQULYHUGLVFKDUJHDQGHQKDQFHG
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FRDUVHVHGLPHQWPRELOL]DWLRQDQGWUDQVSRUWGXULQJLQGLYLGXDOZHWWHUWKDQDYHUDJHZLQWHUVRU
LQWHUYDOVRIZHWWHUWKDQDYHUDJHZLQWHUVDVVRFLDWHGZLWKFKDQJHVLQWKHPHDQFOLPDWHVWDWH
,QPDQDQG-HQNLQV)DUQVZRUWKDQG0LOOLPDQ5RPDQVHWDO&RYDXOWHWDO
&RQVLGHULQJWKHVHPRGHUQVWXGLHV.LUE\HWDOFRPSDUHGSHUFHQWVDQG/DNH
(OVLQRUHODNHOHYHO6DQ-DFLQWR5LYHUGLVFKDUJHDQGWKH3'2LQGH[RYHUWKHWKFHQWXU\7KHLU
DQDO\VLVUHYHDOHGWKDWVPDOOFKDQJHVLQVDQGFRQWHQWJHQHUDOO\VKRZVDSRVLWLYH
FRUUHODWLRQZLWKWKH6DQ-DFLQWR5LYHUGLVFKDUJH/DNH(OVLQRUHODNHOHYHODQGWKH3'2LQGH[,Q
RWKHUZRUGVJUHDWHUULYHUGLVFKDUJHDQGKLJKHUODNHOHYHOVDUHDVVRFLDWHGZLWKKLJKHUVDQG
FRQWHQWDQGYLFHYHUVD$VLPLODUWKFHQWXU\FRPSDULVRQEHWZHHQSHUFHQWVDQGDQGULYHU
GLVFKDUJHZDVREVHUYHGIRU=DFD/DNHDOVRLQWKHSVZ86.LUE\HWDO

)URPWKHVHPRGHUQDQGWKFHQWXU\VWXGLHVZHFRQWHQGWKDWWKHSUHGRPLQDQWGULYHURIFKDQJHV
LQFRDUVHVHGLPHQWLQSVZ86ODNHVLVK\GURFOLPDWHSDUWLFXODUO\ZLQWHUVHDVRQSUHFLSLWDWLRQ
YDULDELOLW\OLQNHGWRRYHUDOOZLQWHUZHWQHVV7KHUHIRUHZHLQWHUSUHWKLJKHUSHUFHQWWRWDOVDQGDV
UHIOHFWLQJJUHDWHUSUHFLSLWDWLRQUHODWHGUXQRIILHLQWHQVLW\DQGRUVWRUPGXUDWLRQDQGYLFH
YHUVD2IFRXUVHZHFDQQRWDVVLJQDVSHFLILFZHWQHVVYDOXHWRSHUFHQWVDQGKRZHYHUZHFDQXVH
FKDQJHVLQSHUFHQWVDQGDVDVFDOLQJWRROIRUUHODWLYHFKDQJHVLQZHWQHVV,QRWKHUZRUGVKLJKHU
SHUFHQWVDQGFRQWHQWLVLQWHUSUHWHGWRUHIOHFWUHODWLYHO\ZHWWHUFRQGLWLRQVDQGYLFHYHUVDIRUORZHU
SHUFHQWVDQG

7KHUHIRUHWKURXJKRXWWKHGLVFXVVLRQEHORZZHXVHORZSHUFHQWVDQGYDOXHVWRLQIHULQWHUYDOVRI
GLPLQLVKHGUXQRIIDQGWKXVGULHUFOLPDWHVDQGYLFHYHUVDIRUKLJKSHUFHQWVDQG)LJXUH.LUE\
HWDO2XULQWHUSUHWDWLRQKRZHYHURIWKHVDQGGDWDLVEDVHGRQVPDOOFKDQJHV
LQDPELHQWRUEDFNJURXQGOHYHOVDQG±YDOXHVWKDWUDQJHEHWZHHQDQGSHUFHQWWRWDOVDQG
JHQHUDOO\)LJXUHDQG61RWDEO\WKHUHDUHQRYLVLEOHVDQG\RUVDQG\VLOWOD\HUVZLWKLQWKH
FRUHVHFWLRQVWKDWDUHFKDUDFWHUL]HGE\VPDOOFKDQJHVLQVDQG656',QVWHDGWKHVDQG
LVGLVVHPLQDWHGZLWKLQWKHPDWUL[HYHQZLWKLQWKHODPLQDWHGVHFWLRQV7KHVHVPDOOFKDQJHVLQ
EDFNJURXQGVDQGDUHLQWHUSUHWHGWRUHIOHFWYDULDWLRQVLQDYDLODEOHUXQRIIHQHUJ\UHTXLUHGIRUWKH
PRELOL]DWLRQDQGWUDQVSRUWDWLRQRIVDQGLQWRWKHODNH¶VGHHSHVWEDVLQ$GHSRVLWLRQDOPRGHOIRU
WKLVSURFHVVLVGHWDLOHGLQ.LUE\HWDO7KHJODFLDOVDQGXQLW656'NFDOD
%3KRZHYHUUHSUHVHQWVDQGUHTXLUHVDQHQWLUHO\GLIIHUHQWGHSRVLWLRQDOSURFHVVDQG
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HQYLURQPHQW7RWDOVDQGYDOXHVGXULQJ656'DYHUDJHZLWKPD[LPXPYDOXHV
H[FHHGLQJ)LJXUHDQG6:HGRQRWLQWHUSUHWWKLVLQWHUYDODVDSHULRGRIHQKDQFHGUXQ
RII5DWKHUZHVXJJHVWDVGLVFXVVHGEHORZWKDW656'UHIOHFWVDVXVWDLQHGLQWHUYDORIORZODNH
OHYHOVGURXJKWZKHUHLQWKHODNH¶VPXGGHSWKERXQGDU\RUWKHGHSWKDWZKLFKDFFXPXODWLRQ
H[FHHGVHURVLRQPLJUDWHGEDVLQZDUG

$VVXJJHVWHGE\WKHKLJKVDQGFRQWHQWLQ656'RWKHUSURFHVVHVFDQJRYHUQWKHDPRXQWRI
FRDUVHVHGLPHQWFRQWHQWLQODNHEDVLQV)RUH[DPSOHWKHJUDGXDOODNHZDUGSURJUDGDWLRQRU
ODQGZDUGUHWUHDWRIWKHPXGGHSWKERXQGDU\LQUHVSRQVHWRJUDGXDODQGVXVWDLQHGODNHOHYHO
UHJUHVVLRQVRUWUDQVJUHVVLRQVUHVSHFWLYHO\FDQSURGXFHGUDPDWLFFKDQJHVLQFRDUVHVHGLPHQW
FRQWHQWRYHUWLPH'HDULQJ3ULE\ODQG6KXPDQ6KXPDQDQG6HUUDYH]]D,Q
RWKHUZRUGVDVODNHOHYHOSURJUHVVLYHO\GURSVWKHPXGGHSWKERXQGDU\PLJUDWHVEDVLQZDUG7KH
UHVXOWRIWKLVPLJUDWLRQLVDSURJUHVVLYHFRDUVHQLQJRIVHGLPHQWEDVLQZDUG6HGLPHQWVDERYHWKH
PXGGHSWKERXQGDU\DUHW\SLFDOO\ERWKYLVXDOO\DQGDQDO\WLFDOO\GLIIHUHQWWKDQVHGLPHQWVEHORZ
WKHPXGGHSWKERXQGDU\6KXPDQ$QGHUVRQHWDO6KXPDQHWDO
7KHUHIRUHLWLVSRVVLEOHWRGHWHUPLQHWKHVHGLPHQW¶VGHSRVLWLRQDOHQYLURQPHQW±GHHSODNHRU
VKDOORZODNH±XVLQJVWDQGDUGVHGLPHQWRORJLFDODQDO\VHVVXFKDVJUDLQVL]HGLVWULEXWLRQV
0RUHRYHULIWKHVHVHGLPHQWGDWDDUHFRXSOHGZLWKDGGLWLRQDOFOLPDWHLQGLFDWRUVVXFKDVSROOHQ
WKHLQWHUSUHWDWLRQEHFRPHVPRUHUREXVW

7RH[SORUHWKHGLIIHUHQFHVEHWZHHQVHGLPHQWW\SHDQGGHSRVLWLRQDOHQYLURQPHQWILUVWZH
H[DPLQHGWKHPRGHUQUHODWLRQVKLSEHWZHHQODNHZDWHUGHSWKDQGVDQGFRQWHQW)LJXUH$V
H[SHFWHGVDQGFRQWHQWGHFUHDVHVZLWKLQFUHDVLQJGHSWK7KLVUHODWLRQVKLSEHWZHHQODNHGHSWKDQG
VHGLPHQWVL]HLVZHOONQRZQDQGODUJHO\DSURGXFWRIVHGLPHQWIRFXVLQJDQGZDYHHQHUJ\
GLVVLSDWLRQZLWKLQFUHDVLQJGHSWK'DYLVDQG)RUG+LOWRQ%ODLVDQG.DOII
$QGHUVRQHWDO6KXPDQHWDO)RUPRGHUQ/DNH(OVLQRUHZHFDQHVWLPDWH
WKHPXGGHSWKEDVHGRQZKHUHWKHDV\PSWRWHIODWWHQVRQWKH\D[LVVHH)LJXUH5RZDQHWDO
$QGHUVRQHWDO7KHGDWDVKRZWKDWWKHPXGGHSWKLVDSSUR[LPDWHO\PZLWKDQ
XSSHUDQGORZHUHVWLPDWHRIPDQGPUHVSHFWLYHO\)LJXUH6HFRQGZHFRPSDUHWKH
JUDLQVL]HGLVWULEXWLRQEHWZHHQPRGHUQVHGLPHQWVEHORZWKH/DNH(OVLQRUHPXGGHSWKERXQGDU\
PDQGWKH656'LQWHUYDOVRUWKHLQWHUYDOVFKDUDFWHUL]HGE\VPDOOFKDQJHV
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LQSHUFHQWWRWDOVDQG)LJXUHDQG7KLUGZHFRPSDUHPRGHUQ/DNH(OVLQRUHEHDFKVHGLPHQW
WRWKHJODFLDOVDQGXQLW656')LJXUH

7KHVHFRPSDULVRQVVKRZWKDWWKH656'LQWHUYDOVDQGDUHVLPLODUWRWKHPRGHUQJUDLQ
VL]HGLVWULEXWLRQIRXQGWRGD\LQ/DNH(OVLQRUHIRUVHGLPHQWVGHHSHUWKDQWKHPXGGHSWK
ERXQGDU\)LJXUH&RQYHUVHO\WKHPRGHUQ/DNH(OVLQRUHEHDFKJUDLQVL]HGLVWULEXWLRQLVPRUH
VLPLODUWR656'7DNHQWRJHWKHUWKHVHGDWDVXJJHVWWKDWWKHGHSRVLWLRQDOHQYLURQPHQWDQG
SURFHVVHVIRU656'LQWHUYDOVDQGDUHVLPLODUWRWKRVHJRYHUQLQJVHGLPHQWDWLRQLQ
PRGHUQ/DNH(OVLQRUHEHORZWKHPXGGHSWKERXQGDU\GHHSODNH656'KRZHYHULVPRUH
DNLQWRWKHGHSRVLWLRQDOHQYLURQPHQWDQGSURFHVVHV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